ABSTRACT
INTRODUCTION
Perinatal and infant mortality are considered key indicators of a nation's health and wellbeing. In a recent report by the Organization for Economic Co-operation and Development (OECD) comparing infant mortality rates between nations, Canada's ranking slipped from 6 th best in 1987 to 15 th in 1997 and 26 th in 2007 despite a fall in Canada's crude infant mortality rate from 6.3 deaths per 1000 live births in 1995 to 5.1 per 1000 live births in 2007. On the other hand, Finland has consistently had one of the lowest infant mortality rates: 3.9 per 1000 live births in 1995 decreasing to 2.7 per 1000 live births in 2007, ranking among the top 5 countries in the OECD reports [1] .
In Canada, health is a provincial responsibility. In British Columbia (BC), the infant mortality rate is one of the lowest in the country, at 4.3 deaths per 1000 live births [2] .
British Columbia and Finland have many similarities. They are similar in population and geography. Health services in both are provided primarily through a tax-funded universal health insurance system which facilitates the use of health care and decreases the variation in health care utilization and outcomes. Both also have a highly regionalized system of neonatal-perinatal care. In BC there are three tertiary level neonatal intensive care units (NICUs); the largest is at British Columbia's Women's Hospital. In Finland there are five tertiary care NICUs with small and statistically insignificant variation in mortality rates [3] . Despite these similarities, there are differences in the provision of health care between Finland and BC. Prenatal health care is provided primarily by physicians in BC. In Finland over 99.5% of pregnant women use municipality based maternity health care services [4] run by public health nurses/midwives with physicians providing a supportive consultant role. In 2009, health expenditure in Canada comprised 11.4% of the gross domestic product (GDP) in comparison with only 9.2% of the GDP in Finland. For OECD countries, health expenditures average 9.6% of GDP. (OECD 2011) [5] .
Variations in the registration of births and definitions used to calculate perinatal and infant mortality are known to vary [6] . It is therefore important that any international comparisons of these rates consider these potential biases.
The goal of this study was to compare BC and Finnish stillbirth, early neonatal, perinatal and infant mortality rates from 2001 to 2009. A further goal was to identify key variables that may influence these mortality rates and potentially explain the lower mortality rates in Finland despite lower health care expenditures. Key variables chosen were preterm birth rate, low birth weight (LBW) (<2500 grams), very low birth weight (VLBW) (<1500 grams) and extremely low birth weight (ELBW) (<1000 grams) rates, proportion of multiple births, antenatal care, maternal age, smoking in pregnancy and Caesarean section rates.
METHODS

Data Collection
British Columbia data were obtained from the perinatal data registry (BCPDR) and, for early neonatal deaths and infant deaths, British Columbia Vital Statistics. The provincially funded data registry began in 1994 with full provincial data collection since 2000. Data are collected on perinatal outcomes, care processes and resources [7] . Perinatal data are collected from clinician completed standard BC perinatal forms and health records by hospital or perinatal database registry staff and entered into a hospital based registry. There are multiple quality checks including validation checks at the data entry software level, BCPDR period end checks and audits. Though data collection is voluntary, the registry captures approximately 99% of births registered by BC Vital Statistics.
Finnish data were obtained from the Finnish medical birth registry (MBR) Official Statistics on Births and Newborns containing information on all pregnancies ending in a live birth or stillbirth. The Finnish MBR is kept by the National Institute for Health and Welfare (THL). Obligatory data collection to THL occurs in all hospitals with deliveries. Missing births are supplemented from birth and death certificates. Information on perinatal deaths (stillbirths or deaths during the first week of life) has been revised and complemented from the Cause-of-Death Register maintained by Statistics Finland. In cases of conflicting or missing information, the registry data are confirmed and complemented from maternity hospital records. The registry includes maternal, obstetrical and social background, health care and medical interventions during pregnancy and delivery, as well as infant outcome at seven days of life. According to data quality studies of the MBR, the majority of the registry content corresponded well or satisfactorily with hospital record data [8, 9] .
A review of the definitions in the two registries found that BC included births at 20 and 21 weeks completed gestational age and Finland did not. No other differences were found. Births at less than 22 weeks of gestation were therefore excluded from the BCPDR data. BC Vital Statistics derived perinatal and early neonatal death rates were not adjusted for this. All live births and stillbirths in the Finnish and BC registries from January 1, 2001 to December 31, 2009 were included. Miscarriages, defined as births of fetuses born at less than 22 weeks of gestation or having birth weight less than 500 grams and with no vital signs, were excluded from the study.
Definitions
Live births were defined as the complete expulsion or extraction from the mother, irrespective of the duration of the pregnancy, of a fetus in which there was breathing, beating of the heart, pulsation of the umbilical cord or unmistakable movement of voluntary muscle, whether or not the umbilical cord had been cut or the placenta attached.
Stillbirths were defined as the complete expulsion or extraction from the maternal body after at least 22 weeks of gestation or after attaining a weight of at least 500 grams of a fetus in which at birth, there is no breathing, beating heart, pulsation of the umbilical cord or unmistakable movement of voluntary muscle.
Stillbirth rate was calculated as the number of stillbirths during a calendar year × 1000 divided by the total births during that calendar year.
Perinatal mortality rate was calculated as the number of stillbirths and early neonatal deaths during a calendar year × 1000 divided by the total births during that calendar year.
Early neonatal mortality rate was calculated as the number of deaths among infants less than 7 days of age during a calendar year × 1000 divided by total live births during that calendar year.
Similarly, infant mortality rate was the number of deaths among infants less than 1 year during a calendar year × 1000 divided by total live births.
Preterm live births were defined as live births at least 22 weeks gestation but less than 37 completed weeks of gestation. In the case of multiple births, the gestational age of the first baby was used.
Gestation, measured in completed weeks, was calculated from the first day of the last normal menstrual pe-
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riod, early ultrasound and very rarely, when neither was available, by clinical estimate at birth.
Low birth weight (LBW) was defined as below 2500 grams, very low birth weight (VLBW) as below 1500 grams and extremely low birth weight (ELBW) as below 1000 grams. Birth weight was the first recorded weight of the newborn obtained after birth, expressed in grams.
The number of perinatal visits included primary care antenatal visits but did not include consultations and specialty clinic visits (e.g. Diabetes Clinic).
Maternal age was age calculated using mother's date of birth and delivery date.
Multiple births were defined as pregnancies in which more than one infant was born, whether live born or stillborn.
Caesarean section delivery included all deliveries that involved surgical incision of the abdomen and uterine walls and included both elective and emergent Caesarean sections.
Smoking during pregnancy was defined as smoking any amount of cigarettes at any time during the pregnancy and information was obtained from the medical chart.
Years were defined as calendar years using the date of delivery.
Statistical Analyses
Comparisons of dichotomous variables were analyzed using Chi-square test. Means, for birth weight and number of prenatal visits, were compared using the t-test. Associations between time and continuous outcome variables were studied using linear regression analyses and associations between dichotomous outcome variables and time were studied using logistic regression analyses. These regression analyses were done separately for each country. P-values below 0.05 were considered statistically significant. Statistical analyses were done using SAS for Windows version 9.2. Years are calendar years based on babies date of birth; Late terminations are excluded; * Babies linked to mothers; GA = Gestational age in weeks; g= Grams; cm = Centimeters; VS = Vital statistics; PDR= British Columbia perinatal database registry;
RESULTS
Finland. The increase in prematurity rates in BC was associated with statistically higher LBW rates. The percentage of multiples increased by 1.6% per year in BC but not in Finland. The number of perinatal visits decreased in Finland by 0.22 visits per year with a clinically insignificant decrease of 0.04 visits/year in BC. The percentage of women who were primiparous increased significantly in both populations.
DISCUSSION
This study confirms that mortality rates are falling in both Finland and BC. It also provides insight into the differences in mortality rates between the two countries. The review of registry definitions revealed a difference in the lower gestational age limit threshold where BC included 20 and 21 weeks gestational age whereas Finland did not. In order to accurately compare, births below 22 weeks gestation were excluded from the data of both countries. However, because the number of babies excluded was small, this did not significantly affect the results. Perinatal and early neonatal death rates obtained from BC Vital Statistics could not be corrected but this is unlikely to have affected our results.
BC had higher rates of preterm birth and low birth weight births. As the most important reason for infant mortality in developed countries [10, 11] , this is an important contributor to the observed difference in mortality rates.
The multiple birth rate increased in BC but not in Finland during the study period. Multiple births are associated with preterm births [e.g. 12], a fact that provides another explanation for the increase in infant mortality rates.
Multiple pregnancies can be spontaneous or associated with assisted reproductive technologies. Spontaneous multiple pregnancies are on the slight increase because of the progressively older age of expectant mothers [13] . With in vitro fertilization (IVF), there is an increased risk of preterm birth and perinatal mortality mainly due to the high incidence of multiple births associated with the transfer of multiple embryos [14] . Elective single embryo transfer (eSET), followed by one or several frozenthawed embryo transfer (FET) cycles, reduces the incidence of multiple pregnancies without adversely affecting pregnancy rates in both randomized controlled trials [14] [15] [16] and retrospective studies [17, 18] . eSET is routine practice in Finland and the practice was implemented collegially by all 17 IVF units [19] . In Finland, SET has increased from 15% in 1992 to 68% of IVF treatments, 62% of intracytoplasmic sperm injection treatments and 62% of FETs in 2009 [20] . In 2005, Canada, had one of the highest rates of multiple deliveries (29.9%) after IVF in the world [21] [21] .
Our study also has important implications for health resource use and patient management. Finland has better perinatal outcomes with lower health care expenditures. The Finnish health care model of emphasis on health care prevention and the use of nurses and non physician health care workers for prenatal visits deserve further study. Whilst the proportion of Caesarean deliveries in BC has skyrocketed during our study period, Finland was able to maintain a 16.5% operative delivery rate suggesting that lower Caesarean section rates are possible and do not adversely affect mortality rates. This is consistent with several recent studies which showed an increased neonatal and maternal mortality with elective Caesareans compared with vaginal births [22] [23] [24] [25] [26] .
Smoking rates during pregnancy were lower in BC. Data on smoking is susceptible to underreporting and ascertainment bias. The Finnish data show, however, similar smoking rates for pregnant women and the general population, where the female smoking rates were constantly between 16% and 20% during the study period (WHO Health for all-database). It is encouraging to notice that the proportion of parturients who quit smoking during the first trimester increased from 14% to 36% during the study period.
Our study used large population databases with clear definitions and a process of detailed data checks and validation. Referral biases and the smaller numbers associated with institutional studies were therefore avoided [27] . The research study team comprised Finnish and Canadian researchers with access and knowledge of both databases and their health care systems. Our team was therefore able to identify and correct for differences in definitions at the limits of viability [6, 28, 29] . Our data is current and captures recent trends.
The study was designed to compare differences in perinatal outcomes but it was not able to address causality. We did not have data on the cause of death, the proportion of single and multiple births that were conceived using assisted reproductive technologies and the reasons for Caesarean delivery. Health care costs were not collected. The results propose directions for further study.
CONCLUSION
Perinatal outcomes have improved in BC and Finland. Stillbirth, perinatal, early neonatal and infant mortality rates were clinically and statistically significantly lower in Finland than in BC. Multiple birth and preterm birth rates are higher in BC contributing to higher mortality rates. The effect of assisted reproductive technology practices on perinatal outcomes warrants further study. Lower per capita health care expenditures in Finland do not appear to have adversely affected perinatal outcomes.
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